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?1? ??
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????? sructure based drug design[1, 2]???????????
????????????????????????????????????????
??????? (????)???????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?? [3, 4, 5]???????????????????????????
?????-?????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????-????????????????????
????????????????????????? thioflavin-T? b -???????
?????????????????????? [6]??nicotinic acetylcholine receptor?
? isoflurane????????????????????? [7]????????????
????????????????????????????????????????
?????trypsin?? benzamide????? [8]? b -adrenergic receptor???? agonist
? antagonist????? [9]???????????????????????????
??????????????????????????????? ms???????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????-?????????
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?????????????????????????
??????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
????????????????????????????? [10, 11]???????
?????????????????????????????????? [12, 13]??
???????????????????????????-????????????
HIV-1 Protease???????????????????? [14]???????????
??????????????????????????????????????-?
????????????????????
???????????-???????????????????????????
????????????????????????????????MARTINI???
??????????????????????-?????????????????
?????????????-??????????????????????????
???????????????????????????????????????
?????????????????????MARTINI??????????????
????????????????????????????????????????
???????????????????????????????????????
?????????????
?????? 2?????MARTINI?????????? 3??????????-
?????????????????????????????????-??????
????????????????????????-???????????????
????????????????????????-???????????????
????????????????????????????????? 3??????
????????????????MARTINI???????????????????
??????????????????????????????????? dual-basin
potential????????????????????????????????????
??????????????????-?????????????????????
??-??????????????
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?2? MARTINI?????
??????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
??????????? [10, 13]???????Marrink??????????MARTINI
????? [15, 16, 17]?????????????????????????????
????????????????????????????????????????
????????????????????????????MARTINI???????
???????????????????????????????????????
???????????????MARTINI????????????????????
????????????????????????????????????????
??????????????????????????????????MARTINI?
????????????
2.1 MARTINI??????????
MARTINI?????????????????????? 4???????????
(?????)??????????????????? 4??????????????
????????????????????????????????????????
2????????????????????3??????????????????
??????????????????????? charged (Q)?polar (P)?nonpolar (N)?
apolar (C)????????????????????????????????1 (??
?)?? 5 (??)? 5??????????????????? d (donor)?a (accepter)?
da (donor/accepter)?0 (none)? 4???????????????? 2.1????? (Val-
Phe-Arg)?????MARTINI???????????
?
5
Peptide (Val-Phe-Arg) : Water :
? 2.1: MARTINI?????????????? (Val-Phe-Arg)???????????
?? [15, 17]?
?
2.2 ??????????
???????????????Lennard-Jones??????????????????
?????????? i?j?? LJ??????? 12-6???????????????
??????
VLJ(r) = 4ei j
si j
r
12
 
si j
r
6
(2.2.1)
si j ????????????????????????? si j = 0.47 nm??????
???ei j???????????????????????????????????
????????? 2.0 kJmol 1 ?? 5.6 kJmol 1 ????????????????
???????????????????????????????????????
(si j = 0.43 nm)??????????????????? (75 %)???????
???????? (Q)????????????????????????????
???
Vel(r) =
qiq j
4pe0err
(2.2.2)
qi?q j ?????? i?j???????????e0????????????????
er = 15?????????LJ???????????????????????? 1.2 nm
????LJ???????? 0.9-1.2 nm????????? 0-1.2 nm????????
???????????
???????????????????????????????????????
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??????????
Vbond(R) =
1
2
Kbond(R R0)2 (2.2.3)
Vangle(q) =
1
2
Kangle fcos(q)  cos(q0)g2 (2.2.4)
Vdih(y) = Kdih(y y0)2 (2.2.5)
????R R0?cos(q) cos(q0)?y y0?????????????????????
?????Kbond?Kangle?Kdih??????????????????????????
???????????????????????
2.3 ??????
????????????????? 3?????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????MARTINI?????? 20 fs?? 40 fs???????
???????????????????????? 10??????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????? 2-10?????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????? 4??????
????????????????????????????????????????
??????????????????????
2.4 ?????????
?????MARTINI???Montecelli??????????? [17]????????
???????????????????????????????????????
????????????????????????????????????????
?????????????? (? 2.1)???????????????????????
???????????????????????????????????????
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?????????????????MARTINI??????????????????
????????????????????????????? elastic network????
????????????????????????
???HIV-1 Protease??????????????????? 2.2????????
????????????????????????????????????????
???????MARTINI??????? 200 ns?????????????????
2.2??????????????????????????????????????
?????????elastic network model?????????????????? 2.2?
????????????????????????????
 
? 2.2: ???HIV-1 Protease????MARTINI??????????????????
????????????????????????????????????????
????????????????? 200 ns????????????????????
?????MARTINI??????????????????? elastic network model?
????????????????????
?
?
8
???????????MARTINI???????????????????????
????????????????????????????????????????
???????????????????
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?3? MARTINI??????????
????-??????????
?????????
?????-?????????????????????????????????
???-????????????????????????????????????
????????????????????????????????????????
????-???????????????????????????????????
??????????????????????????????????-?????
????????????????????????????????????????
?????????????????????????????????????
?????????? 3.1??????????-????????????????
??3.2????????????????????????????????3.3???
?????????????????????????????
3.1 ?????-?????????????????
3.1.1 ?????-???????????
??????????? (Journal of Computational Chemistry, Vol. 35, No. 25, pp. 1835-
1845)?????????????????????????????????????
????????????????????????
3.1.2 ????
????????????? 3.1????????????????????????
????????????????????????????????????????
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????????????????????????????????????-???
????????????????????????????????????? IVI
????????????????????????????????????????
????
? 3.1: ?????-??????????????????90????????????
????????BLASTClust[18]????????????????????????
????????
????
???? ???? ???
?????????? ???????? ????????
???
?? 179    I 46    III 11
?? 260    II 132    IV 37
???
?? 26 12 142   V
?? 39 21 105   VI
3.1.3 ????
3.1?????? I?VI?? 2????????-?????????????????
??????-???????????????????? 3.2???????????
???
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? 3.2: ??????????????
PDB ID
Class Protein ligand-free complex (ligand)
I 3-Deoxy-D-arabino-heptulosonate
7-phosphate synthase from
Saccharomyces cerevisiae
(DAHPS)
1OFB[19] 1HFB (phosphoenol
pyruvate)[19]
Aspartate aminotransferase from
Escherichia coli (AST)
1AAW[20] 1ASM (maleic
acid)[20]
II 6-phosphogluconolactonase from
Trypanosoma brucei (6PGL)
2J0E [21] 3EB9 (citric acid)[22]
Histidine acid phosphatase from
Francisella tularensis subsp.
holarctica LVS (HAP)
3IT2 [23] 3IT1 (tartaric acid)[23]
III Purine nucleoside phosphorylase
from Thermus thermophilus HB8
(PNP)
1ODL[24] 1ODJ (guanosine)[24]
Nucleoside
2-deoxyribosyltransferase from
Lactobacillus leichmannii (NdRT)
1F8X [25] 1F8Y (5-methyl-2’-
deoxypseudouridine)[25]
IV Levansucrase from Bacillus subtilis
(Lev)
1OYG [26] 1PT2 (sucrose)[26]
Pterocarpus angolensis Lectin from
Pterocarpus angolensis (PAL)
1S1A [27] 2ARE (mannose)[28]
V Haloalkane dehalogenase LinB
from Sphingomonas paucimobilis
(LinB)
1IZ7 [29] 1G5F
(dichroloethane)[29]
Penicillin G acylase from
Escherichia coli (PGA)
1PNK [30] 1AI7 (phenol)[31]
VI Ketosteroid isomerase from
Pseudomonas putida (KSI)
3VSY[32] 2PZV (phenol) [33]
Catalytic domain of human
phosphodiesterase 4D (PDE4D)
3SL3 [34] 1Y2B (Ethyl 3,5-
dimethyl-1H-pyrazole-
4-carboxylate)[35]
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MARTINI??????????????????????????????????
????????????????????????????????????????
?? (????? RMSD< 1?)?????????????????????????
???
3.2 ????
3.2.1 ??????????
MARTINI??????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????
???????????????????????????????????????
????? 3.3?????????????????????????????????
???????????????????????????????? (? 3.1)????
???????????????????????????????????????
????????????? 20 fs???????????? 1 bar?310 K???????
????????????????????GROMACS 4.0.7[36]?????
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? 3.3: ??????????
???? ???? ?? (clig) / mM ??????????
DAHPS Phosphoenolpyruvate ×10 15 5 ms ×50
AST Maleic acid ×50 45 2 ms ×50
6PGL Citric acid ×10 17 5 ms ×50
HAP Tartaric acid ×30 33 2 ms ×50
PNP Guanosine ×10 9.4 5 ms ×50
NdRT 2 ?-deoxycytidine ×15 23 5 ms ×50
Lev Sucrose ×5 14 4 ms ×50
PAL Glucose ×5 18 1 ms ×100
LinB Dichloroethane ×10 41 1 ms ×100
PGA Phenol ×30 39 5 ms ×50
KSI Phenol ×10 10 2 ms ×50
PDE4D Ethyl 3,5-dimethyl-
1H-pyrazole-4-
carboxylate
×5 12 5 ms ×50
?
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? 3.1: Levansucrase(Lev)-sucrose?????????????????????????
?????????????????????????????? (?????? 4??
???)????
?
?
3.2.2 ????????????????????
3.2.2.1 ?????
????????MARTINI??????????????? X?????????
??????????ELNEDYN[37]????? elastic network????????????
??? 0.9 nm??????????????????? 500 kJmol 1 nm 2?0.43 nm?
????????????????????? 50 kJmol 1 nm 2???????????
???
3.2.2.2 ????
???????????????????????????????????? 3.2?
??? 3.4?????Glucose??? sucrose???????? Lpez?????????
??????? [38]????phenol????? tyrosine????????????tyrosine
???????????? phenol?????????????????????????
????????????????????????????????????????
????????????????????????????? [17]???phenol??
????????????????Dichloroethane?????????????????
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??????????????????????????dichloroethane??-?????
??????????????DGpart = 8:5kJmol 1[39]??????????????
??C4????? (DGpart = 9kJmol 1[16])????????????????????
A???????????????
 
B3: SP1
B1: P1
B3: P4
B4: P1
B6: P4
B2: P2
B2: P4
B2: SP2
B1: P1B3: P4
B2: SC5B1: SC5
Phenol                                     Ethyl 3,5-dimethyl-1H-pyrazole-4-carboxylate 
B3: SC5
B1: Na
B4: SNda
B2: SC5
B5: P1
B1: C4
Glucose                                  Sucose                                                      1,2-dichloroethane 
B3: SN0
B4: SNa
B1: SP2
B5: SP3
B6: SP1
B3: QaB2: Qa
B2: Qa
B1: Qa
B2: SP4
B2: Qa B1: Qa
B3: SN0
B4: SNa
B7: SNa
B1: SP2
Tartalic acid                           Guanosine                                                2-Deoxycytidine 
B1: Qa B2: Qa
Phosphoenolpyruvate        Maleic acid                                               Citric acid 
B5: SP2
B6: SP3
B1: Qa
? 3.2: ?????MARTINI?????????????????????? 3˜5???
?????????????? (B1;B2; : : :)???????
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? 3.4: ?????????????Kbond? const.?????????????????
?????????????? LINCS?????? [40]????????????
?
Kbond Kangle Kdih
???? bonds R0 / nm / kJmol 1nm 2 angles q0 / deg / kJmol 1 dihedrals j0 / deg / kJmol 1
Phosphoenol-
pyruvate
B1-B2 0.290 const.
Maleic acid B1-B2 0.323 const.
Citric acid B1-B2 0.300 18000 B1-B2-B3 95 170
B2-B3 0.300 18000
Tartaric acid B1-B2 0.313 const.
Guanosine B1-B2 0.353 30000 B1-B3-B4 150 200 B1-B2-B3-B4 155 60
B1-B3 0.257 30000 B2-B3-B4 103 300 B2-B3-B4-B5 78 25
B2-B3 0.241 const. B3-B4-B5 128 300 B4-B5-B7-B6 180 200
B3-B4 0.244 const. B3-B4-B7 120 400
B4-B5 0.295 const. B4-B5-B6 69 200
B4-B7 0.161 const. B5-B4-B7 125 200
B5-B6 0.294 const. B5-B6-B7 84 200
B5-B7 0.390 const. B6-B7-B4 94 200
B6-B7 0.290 const.
2- B1-B2 0.317 const. B1-B3-B4 123 400 B1-B3-B4-B5 -145 30
deoxycytidine B1-B3 0.280 const. B2-B3-B4 150 400 B2-B1-B3-B4 -157 30
B2-B3 0.244 const. B3-B4-B5 104 500 B3-B4-B5-B6 -177 150
B3-B4 0.219 const.
B4-B5 0.220 const.
B4-B6 0.268 const.
B5-B6 0.285 const.
Glucose B1-B2 0.375 35000
B1-B3 0.331 35000
B2-B3 0.322 50000
Sucrose B1-B2 0.222 30000 B1-B2-B4 130 10 B1-B3-B4-B5 130 25
B2-B3 0.247 30000 B3-B2-B4 110 150 B2-B1-B3-B4 80 2
B2-B4 0.429 30000 B5-B4-B2 20 50 B3-B4-B5-B6 -70 20
B4-B5 0.293 30000 B6-B4-B2 85 150
B4-B6 0.372 30000
Phenol B1-B2 0.270 const.
B1-B3 0.270 const.
B2-B3 0.270 const.
Ethyl B1-B2 0.303 const. B1-B2-B4 136 500
3,5-dimethyl- B1-B3 0.355 const. B1-B3-B4 110 500
1H-pyrazole-4- B2-B3 0.244 const.
carboxylate B2-B4 0.206 const.
B3-B4 0.213 const.
?
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3.3 ??
??????????? (Journal of Computational Chemistry, Vol. 35, No. 25, pp. 1835-
1845)?????????????????????????????????????
????????????????????????
3.4 ???
????????????????????-????????????MARTINI?
????????????????????????????????????????
???????????????????????????????????????
???????????3????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????MARTINI
???????????????????????????MARTINI????????
????????????????????????????????????????
???MARTINI????????????????????????????????
????MARTINI???????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????-??????????????????????????????????
??????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
18
????????????????????????????????????????
????????????????????????????????????????
???????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????
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?4? Dual-basin potential???
MARTINI??????????
????
2.4????????????MARTINI????????????????????
????????????????????????????????????????
???????????????????????????????????????
?????????????????????????????????-??????
???????????????????????????????????????
????dual-basin potential[41, 42]????MARTINI???????????????
????????????????????????????dual-basin potential???
MARTINI???????????????????????????????????
???????????????????????????????-????????
?????????
4.1 Dual-basin potential
??????????? (Journal of Computational Chemistry, Vol. 35, No. 25, pp. 1835-
1845)?????????????????????????????????????
????????????????????????
4.2 ??????????????????
??????????? (Journal of Computational Chemistry, Vol. 35, No. 25, pp. 1835-
1845)?????????????????????????????????????
????????????????????????
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4.3 ?????-??????????????????
??????????? (Journal of Computational Chemistry, Vol. 35, No. 25, pp. 1835-
1845)?????????????????????????????????????
????????????????????????
4.4 ???
MARTINI?????????????????????????dual-basin potential
?????????????????MARTINI????????????? dual-basin
potential????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????
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?5? ??
???????????????????????????????????????
????????????????????-??????????MARTINI????
????????????????????????????????????????
????MARTINI???????????????????????????????
??????????????????????????????????
????????????????????????-??????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????MARTINI?????????????????
??????????????????????????MARTINI?????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????
??????????????????????-????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????
???MARTINI?????? dual-basin potential????????????????
???????????????????????????????????????
????????????????????????????????????????
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???????????????????????????????????????
??????????????-?????????????????????????
???????????????????????????????????
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??A
????MARTINI??????
???????
A.1 ???????
MARTINI??????????????????????????????????
????????????????????????????????????????
????????????????????????????
???????????????????????????????????????
????????????????MARTINI??? [16]??????????????
?????????????????????????????? (?????)???
???????????????????????????????-????????
?? (LogP)??????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???
???????????
1. ?????????????????????????????????????
???????????????????????
2. ????????????????????????
3. ??????????????????????????
4. ????????????????????????
5. ??????????????????????????????????????
????????? 2??????
????????? (???????????)?
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1. ?????????????????????????????????????
?? LogP??????
2. ???????????
3. ?????????????? LogP?????
4. LogP?????????? 1????????????????????????
????????????????????????? 2??????
A.2 ??????????
??????????????????????????????????????
?????????????????????????? (????????)????
??????????????????????MARTINI?????????????
??????????? OPLS?? [43]?????????????????????
???????????????????????????????????????
PDBechem??????Openbabel[44]???? PH = 7???????????????
????????? HF/6-31G*?????????????????????????
??? gaussian09[45]????????????antechamber[46]???ACPYPE[47]??
??RESP??????OPLS??????????????????????????
????????????????????????A.1?????
? A.1: ??????????????????????AA?????????????
CG???????????????
system
Simulation compound SPC water simulation time / ns
AA 1 1500 200
CG 1 490 200
???????????????????? Single point charge (SPC)??? [48]??
??????????????????310 K?1 bar?????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
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????????????????????????????????????????
????????????????????????????????????????
??????????????????????
???????????????????????????????????????
???????????A.1A.5?????
0
0.01
0.02
0.03
0.04
0.05
0.2 0.25 0.3 0.35 0.4
Length / nm
Bond (B1-B2):


0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
60 80 100 120 140
Angle / degrees
Angle (B1-B2-B3):


? A.1: Citrate anion???????????? (???????)?
0
0.1
0.2
0.3
0.4
0.5
0.6
0.25 0.3 0.35 0.4 0.45
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? A.2: Guanosine???????????? (???)?
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? A.3: Guanosine???????????? (???????)?
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? A.4: 2 ?-deoxycytidine???????????? (???????)?
28
00.2
0.4
0.6
0.8
125 130 135 140 145
Angle / degrees
Angle (B1-B2-B4):


0
0.2
0.4
0.6
0.8
1
100 105 110 115 120
Angle / degrees
Angle (B1-B3-B4):


0
0.02
0.04
0.06
0.08
140 160 180 200 220
Angle / degrees
Dihedral (B1-B2-B3-B4):


? A.5: Ethyl 3,5-dimethyl-1H-pyrazole-4-carboxylate???????????? (????
???)?
A.3 ?-?????????????
?-?????????? LogP????????????????????????
??? DGw?DGoct ????
logP= log

exp

DGw DGoct
RT

=
DGw DGoct
2:303RT
(A.3.1)
????????????????????????????????????????
????????????????????????? LogP????????????
???????????????????????????????????? (l = 0:
??????)???????????????? (l = 1)?????????????
???????????????????????????????????l = 0  1
??? 0.05???????????????????????????????????
?????????????? Benett acceptance ratio (BAR)? [49]?????????
????????????????????
????????? LogP???????????????????????????
????????????????????????????????????????
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?LogP?????????????????????????????????????
???????????????????????????????????????
?????A.2?????????????????????????????????
??????????????????????????? 310 K?1 bar???????
????????????????????????????????????????
?????????? LogP?????A.3?????
? A.2: ??????????
system
Simulation compound water octanol simulation time
AA octanol 1 66 199 6 ns20
water 1 1400 6 ns20
CG octanol 1 43 519 10 ns20
water 1 1000 10 ns20
? A.3: ?-??????????????CG???AA???????????????
????????????????????????Exp.????????AlogPS??
?????AlogPS 3.0??????????
LogP
???? CG Exp. AA AlogPS
Guanosine -2.18 -2.461[50]
2 ?-deoxycytidine -1.59 -1.06 -1.9
Ethyl 3,5-dimethyl-1H-pyrazole-4-carboxylate 1.58 2.89 1.1
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??B ????????????
B.1 ???????????????
???????????????????????????????????????
???????????
?????????????????????????????????? kon???
????????? clig??????? T ???????? nbind??????????
?????????
p(nbindjkon;T ) =
(koncligT )nbind
nbind!
e koncligT (B.1.1)
???kon???????? p(kon)????????????????????????
????? i?????????????? ni??????????????Ti?????
???????????? p(konjfnig;fTig)???????????P(X jY )µ P(Y jX)P(X)
?????????P(Y jX)? p(fnigjkon;fTig)???????????? p(konjfnig;fTig)
???????????????
p(konjfnig;fTig) µ p(fnigjkon;fTig)p(kon) (B.1.2)
??????????N??????????? p(konjfn1;n2; : : : ;nNg;fT1;T2; : : : ;TNg)?
??????????????????
p(konjfn1;n2; : : : ;nNg;fT1;T2; : : : ;TNg) µ
N
Õ
i=1
p(fnigjkon;fTig)p(kon) (B.1.3)
????????????????????????????????????????
????? p(kon)???????????????????????????????
????????????
p(konjfn1;n2; : : : ;nNg;fT1;T2; : : : ;TNg) =
N
Õ
i=1
p(fnigjkon;fTig)Z ¥
0
N
Õ
i=1
p(fnigjkon;fTig)dkon
(B.1.4)
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???????????????? kon???? hkoni?
hkoni =
Z ¥
0
konp(konjfn1;n2; : : : ;nNg;fT1;T2; : : : ;TNg)dkon
=
Z ¥
0
kon
N
Õ
i=1
p(fnigjkon;fTig)dkonZ ¥
0
N
Õ
i=1
p(fnigjkon;fTig)dkon
(*? B:1:4)
=
Z ¥
0
kon
N
Õ
i=1
(koncligTi)ni
ni!
e koncligTidkonZ ¥
0
N
Õ
i=1
(koncligTi)ni
ni!
e koncligTidkon
(*? B:1:1)
=
Z ¥
0
k(åni+1)on e koncligåTidkonZ ¥
0
k(åni)on e koncligåTidkon
=
åni+1
cligåTi
(B.1.5)
???????????????????????? s2on?
s2on =


k2on
 hkoni2
=
Z ¥
0
k2onp(konjfn1;n2; : : : ;nNg;fT1;T2; : : : ;TNg)dkon hkoni2
=
Z ¥
0
k(åni+2)on e koncligåTidkonZ ¥
0
k(åni)on e koncligåTidkon
 

åni+1
cligåTi
2
(*? B:1:1)
=
åni+1
(cligåTi)2
(B.1.6)
???????
????????????????????????????????????? koff
???????? T ???????? nunbind??????????
p(nunbindjkoff;T ) = (koffT )
nunbind
nunbind!
e koffT (B.1.7)
????????????????????????????????????????
????????????? hkoffi????? s2off?
hkoffi= åni+1åTi (B.1.8)
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s2off =
åni+1
(åTi)2
(B.1.9)
???????
B.2 ???????????????????
??????????? (Journal of Computational Chemistry, Vol. 35, No. 25, pp. 1835-
1845)?????????????????????????????????????
????????????????????????
33
????
[1] Whittle, P. J.; Blundell, T. L. Protein structure–based drug design. Annu. Rev. Biophys.
Biomol. Struct. 1994, 23, 349–75.
[2] Shailza, S.; Balwant, K. M.; Durlabh, K. S. Molecular drug targets and structure based
drug design: A holistic approach. Bioinformation 2006, 1, 314–320.
[3] Swinney, D. C. Biochemical mechanisms of drug action: what does it take for success?
Nat. Rev. Drug Discov. 2004, 3, 801–8.
[4] Swinney, D. C. Applications of binding kinetics to drug discovery therapeutic responses.
Pharmaceut. Med. 2008, 22, 23–34.
[5] Zhang, R.; Monsma, F. Binding kinetics and mechanism of action: toward the discovery
and development of better and best in class drugs. Expert Opin. Drug. Discov. 2010, 1–7.
[6] Wu, C.; Biancalana, M.; Koide, S.; Shea, J.-E. Binding modes of thioflavin-T to the
single-layer beta-sheet of the peptide self-assembly mimics. J. Mol. Biol. 2009, 394,
627–33.
[7] Brannigan, G.; LeBard, D. N.; He´nin, J.; Eckenhoff, R. G.; Klein, M. L. Multiple binding
sites for the general anesthetic isoflurane identified in the nicotinic acetylcholine receptor
transmembrane domain. Proc. Natl. Acad. Sci. U.S.A. 2010, 107, 14122–14127.
[8] Buch, I.; Giorgino, T.; De Fabritiis, G. Complete reconstruction of an enzyme-inhibitor
binding process by molecular dynamics simulations. Proc. Natl. Acad. Sci. U.S.A. 2011,
108, 10184–10189.
[9] Vanni, S.; Neri, M.; Tavernelli, I.; Rothlisberger, U. Predicting novel binding modes of
agonists to b adrenergic receptors using all-atom molecular dynamics simulations. PLoS
computational biology 2011, 7, e1001053.
[10] Venturoli, M.; Maddalenasperotto, M.; Kranenburg, M.; Smit, B. Mesoscopic models of
biological membranes. Phys. Rep. 2006, 437, 1–54.
34
[11] Bennun, S. V.; Hoopes, M. I.; Xing, C.; Faller, R. Coarse-grained modeling of lipids.
Chem. Phys. Lipids 2009, 159, 59–66.
[12] Tozzini, V. Coarse-grained models for proteins. Curr. Opin. Struct. Biol. 2005, 15, 144–
50.
[13] Kamerlin, S. C. L.; Vicatos, S.; Dryga, A.; Warshel, A. Coarse-grained (multiscale)
simulations in studies of biophysical and chemical systems. Annu. Rev. Phys. Chem. 2011,
62, 41–64.
[14] Li, D.; Liu, M. S.; Ji, B.; Hwang, K.; Huang, Y. Coarse-grained molecular dynamics of
ligands binding into protein: The case of HIV-1 protease inhibitors. J. Chem. Phys. 2009,
130, 215102.
[15] Marrink, S. J.; De Vries, A. H.; Mark, A. E. Coarse grained model for semiquantitative
lipid simulations. J. Phys. Chem. B 2004, 108, 750–760.
[16] Marrink, S. J.; Risselada, H. J.; Yefimov, S.; Tieleman, D. P.; de Vries, A. H. The MAR-
TINI force field: coarse grained model for biomolecular simulations. J. Phys. Chem. B
2007, 111, 7812–24.
[17] Monticelli, L.; Kandasamy, S. K.; Periole, X.; Larson, R. G.; Tieleman, D. P.; Marrink,
S.-J. The MARTINI coarse-grained force field: extension to proteins. J. Chem. Theory
Comput. 2008, 4, 819–834.
[18] http://toolkit.tuebingen.mpg.de/blastclust.
[19] Ko¨nig, V.; Pfeil, A.; Braus, G. H.; Schneider, T. R. Substrate and metal complexes of
3-deoxy-D-arabino-heptulosonate-7-phosphate synthase from Saccharomyces cerevisiae
provide new insights into the catalytic mechanism. J. Mol. Biol. 2004, 337, 675–690.
[20] Ja¨ger, J.; Moser, M.; Sauder, U.; Jansonius, J. N. Crystal structures of Escherichia coli
aspartate aminotransferase in two conformations. Comparison of an unliganded open and
two liganded closed forms. J. Mol. Biol. 1994, 239, 285–305.
[21] Delarue, M.; Duclert-Savatier, N.; Miclet, E.; Haouz, A.; Giganti, D.; Ouazzani, J.; Lopez,
P.; Nilges, M.; Stoven, V. Three Dimensional Structure and Implications for the Catalytic
Mechanism of 6-Phosphogluconolactonase from Trypanosoma brucei. J. Mol. Biol. 2007,
366, 868–881.
35
[22] Duclert-Savatier, N.; Poggi, L.; Miclet, E.; Lopes, P.; Ouazzani, J.; Chevalier, N.;
Nilges, M.; Delarue, M.; Stoven, V. Insights Into the Enzymatic Mechanism of 6-
Phosphogluconolactonase from Trypanosoma brucei Using Structural Data and Molecular
Dynamics Simulation. J. Mol. Biol. 2009, 388, 1009–1021.
[23] Singh, H.; Felts, R. L.; Schuermann, J. P.; Reilly, T. J.; Tanner, J. J. Crystal Structures of
the Histidine Acid Phosphatase from Francisella tularensis Provide Insight into Substrate
Recognition. J. Mol. Biol. 2009, 394, 893–904.
[24] Tahirov, T. H.; Inagaki, E.; Ohshima, N.; Kitao, T.; Kuroishi, C.; Ukita, Y.; Takio, K.;
Kobayashi, M.; Kuramitsu, S.; Yokoyama, S.; Miyano, M. Crystal structure of purine
nucleoside phosphorylase from Thermus thermophilus. J. Mol. Biol. 2004, 337, 1149–
1160.
[25] Armstrong, S. R.; Cook, W. J.; Short, S. A.; Ealick, S. E. Crystal structures of nucleo-
side 2-deoxyribosyltransferase in native and ligand-bound forms reveal architecture of the
active site. Structure 1996, 4, 97–107.
[26] Meng, G.; Fu¨tterer, K. Structural framework of fructosyl transfer in Bacillus subtilis
levansucrase. Nat. Struct. Biol. 2003, 10, 935–41.
[27] http://www.rcsb.org/pdb/explore/explore.do?structureId=1s1a.
[28] Buts, L.; Garcia-Pino, A.; Imberty, A.; Amiot, N.; Boons, G. J.; Beeckmans, S.; Verse´es,
W.; Wyns, L.; Loris, R. Structural basis for the recognition of complex-type biantennary
oligosaccharides by Pterocarpus angolensis lectin. FEBS Journal 2006, 273, 2407–2420.
[29] Streltsov, V. a.; Prokop, Z.; Damborsky´, J.; Nagata, Y.; Oakley, A.; Wilce, M. C. J.
Haloalkane dehalogenase LinB from Sphingomonas paucimobilis UT26: X-ray crystal-
lographic studies of dehalogenation of brominated substrates. Biochemistry 2003, 42,
10104–12.
[30] Duggleby, H. J.; Tolley, S. P.; Hill, C. P.; Dodson, E. J.; Dodson, G.; Moody, P. C. Peni-
cillin acylase has a single-amino-acid catalytic centre. Nature 1995, 373, 264–268.
[31] Done, S. H.; Brannigan, J. A.; Moody, P. C.; Hubbard, R. E. Ligand-induced conforma-
tional change in penicillin acylase. J. Mol. Biol. 1998, 284, 463–475.
36
[32] Kobe, A.; Caaveiro, J. M. M.; Tashiro, S.; Kajihara, D.; Kikkawa, M.; Mitani, T.;
Tsumoto, K. Incorporation of rapid thermodynamic data in fragment-based drug dis-
covery. J. Med. Chem. 2013, 56, 2155–2159.
[33] Kraut, D. A.; Sigala, P. A.; Pybus, B.; Liu, C. W.; Ringe, D.; Petsko, G. A.; Herschlag,
D. Testing electrostatic complementarity in enzyme catalysis: Hydrogen bonding in the
ketosteroid isomerase oxyanion hole. PLoS Biology 2006, 4, 501–519.
[34] Nankervis, J. L.; Feil, S. C.; Hancock, N. C.; Zheng, Z.; Ng, H. L.; Morton, C. J.; Holien,
J. K.; Ho, P. W. M.; Frazzetto, M. M.; Jennings, I. G.; Manallack, D. T.; John Martin, T.;
Thompson, P. E.; Parker, M. W. Thiophene inhibitors of PDE4: Crystal structures show a
second binding mode at the catalytic domain of PDE4D2. Bioorg. Med. Chem. Lett. 2011,
21, 7089–7093.
[35] Card, G. L.; Blasdel, L.; England, B. P.; Zhang, C.; Suzuki, Y.; Gillette, S.; Fong, D.;
Ibrahim, P. N.; Artis, D. R.; Bollag, G.; Milburn, M. V.; Kim, S.-H.; Schlessinger, J.;
Zhang, K. Y. J. A family of phosphodiesterase inhibitors discovered by cocrystallography
and scaffold-based drug design. Nature biotechnology 2005, 23, 201–207.
[36] Van Der Spoel, D.; Lindahl, E.; Hess, B.; Groenhof, G.; Mark, A. E.; Berendsen, H. J. C.
GROMACS: Fast, flexible, and free 2005.
[37] Periole, X.; Cavalli, M.; Marrink, S.-J.; Ceruso, M. A. Combining an elastic network with
a coarse-grained molecular force field: structure, dynamics, and intermolecular recogni-
tion. J. Chem. Theory Comput. 2009, 5, 2531–2543.
[38] Lo´Pez, C. A.; Rzepiela, A. J.; De Vries, A. H.; Dijkhuizen, L.; Hu¨nenberger, P. H.; Mar-
rink, S. J. Martini coarse-grained force field: extension to carbohydrates. J. Chem. Theory
Comput. 2009, 5, 3195–3210.
[39] Hansch, C.; Leo, A.; Hoekman, D. H. Exploring QSAR - Hydrophobic, Electronic, and
Steric Constants.; American Chemical Society, 1995.
[40] Hess, B.; Bekker, H.; Berendsen, H. J. C.; Fraaije, J. G. E. M. LINCS: A linear constraint
solver for molecular simulations. J. Comput. Chem. 1997, 18, 1463–1472.
[41] Okazaki, K.-i.; Koga, N.; Takada, S.; Onuchic, J. N.; Wolynes, P. G. Multiple-basin en-
ergy landscapes for large-amplitude conformational motions of proteins: Structure-based
molecular dynamics simulations. Proc. Natl. Acad. Sci. U.S.A. 2006, 103, 11844–11849.
37
[42] Maragakis, P.; Karplus, M. Large amplitude conformational change in proteins explored
with a plastic network model: Adenylate kinase. J. Mol. Biol. 2005, 352, 807–822.
[43] Jorgensen, W. L.; Maxwell, D. S.; Tirado-Rives, J. Development and testing of the OPLS
all-atom force field on conformational energetics and properties of organic liquids. J. Am.
Chem. Soc. 1996, 118, 11225–11236.
[44] O’Boyle, N. M.; Banck, M.; James, C. A.; Morley, C.; Vandermeersch, T.; Hutchison,
G. R. Open Babel: An Open chemical toolbox. J. Cheminformatics 2011, 3, .
[45] et al Frisch, M. Gaussian 09, Revision A.02 2009.
[46] Wang, J.; Wang, W.; Kollman, P. A.; Case, D. A. Automatic atom type and bond type
perception in molecular mechanical calculations. J. Mol. Graph. Model. 2006, 25, 247–
260.
[47] Sousa, A. W.; Vranken, W. F. Open Access ACPYPE - AnteChamber PYthon Parser
interfacE. BMC Research Notes 2012, 1–8.
[48] Berendsen, H. J. C.; Postma, J. P. M.; van Gunsteren, W. F.; Hermans, J. Interaction
Models For Water In Relation To Protein Hydration. Intermolecular Forces 1981, 31,
331–338.
[49] Bennett, C. H. Efficient estimation of free energy differences from Monte Carlo data. J.
Comput. Phys. 1976, 22, 245–268.
[50] http://kaken.nii.ac.jp/pdf/2011/seika/C-19/32659/21590047seika.pdf.
38
